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结果：成功制作 SAH 后临时阻断动物模型，SAH 后再行临时阻断，神经缺失
症状加重、脑梗死范围增加（39.6±7.4% VS 22.3±3.6%，P＜0.05）、血管病理







 第二部分 大鼠蛛网膜下腔出血后 ET-1、CGRP 及其受体变化与脑血管痉挛关系 
目的：在试验一基础上进一步探讨 SAH 后 ET-1、CGRP 及其受体变化与脑血
管痉挛关系 
方法：大鼠随即分组，交叉前池注射自体血制作 SAH 模型后分别在 12h、24h、
48h、72h、5d、7d 取材检测(n=7)，应用免疫组化检测血管壁 ET-1 及 CGRP 表达，
应用 Western Blot 检测血管壁 ETRA 及 CGRP 受体 1 表达，并比较不同时间点血
管痉挛程度。 
结果：成功制作 SAH 动物模型，ET-1 在 SAH 后即出现上升，72h 达高峰，对
比对照组具统计学意义，CGRP 在 SAH 后较快出现上升，但随即明显下降，持续
处于低水平，二者的受体均在 SAH 后出现增高表达。脑血管痉挛在第 72h 最明显
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结论：ET-1 及 CGRP 在 SAH 后 CVS 发生发展过程中起着重要作用，进出血刺






方法：大鼠交叉前池注射自体血制作 SAH 模型，48 小时后行线栓法制备大
鼠大脑中动脉临时阻断（MCAO），动物根据不同阻断方式随机分组，分别进行神
经功能评分，检测 ET-1、CGRP 表达，SOD、MDA 水平及脑血管痉挛程度。 
结果：临时阻断可造成缺血再灌注损伤，分次延长阻断时间组能在一定程度
上减轻脑组织氧化还原反应水平，改善缺血再灌注损伤所致神经功能损害，同时
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Experimental study on the influence of artery temporary 
occlusion on brain function after subarachnoid hemorrhage 
Abstract 
Part one: A Rat Model of Temporary Occlusion After Subarachnoid 
Hemorrhage 
Objective: To investigate a method and its application value of a temporary 
occlusion model after subarachnoid hemorrhage (SAH) in rats. Methods: SAH model 
was introduced by injecting autologous blood into prechiasmatic cistern, temporary 
middle cerebral artery occlusion (tMCAO) was performed using the intraluminal 
filament technique. Animals were randomly divided into control group, SAH 
group,and tMCAO group and SAH+tMCAO group, neurological deficit score was 
evaluated, blood distribution was observated, the cerebral volume of infarction and 
degree of cerebral vasospasm were detected. Results: The model was successfully 
established.The neurological deficit score elevated when the tMCAO was introduced 
after SAH and the infarcted volume of SAH+tMCAO group was larger than tMCAO 
group (39.6±7.4% VS 22.3±3.6%，P＜0.05). (4)The pathological damage of cerebral 
artery was much more severe and the degree of cerebral vasospasm increased 
(247.36±19.11um VS 289.05±24.87um，P＜0.05). Conclusion: We are successfully 
established a temporary occlusion after subarachnoid hemorrhage model in rats by 
combining the prechiasmatic cistern injection and intraluminal filament technique. 
The irritability of cerebral artery were elevated after SAH and temporary occlusion 
can aggravate cerebral vasospasm. Our research will provide a reasonable animal 
model for investigating of the relationship between ischemia/reperfusion injury and 
cerebral vasospasm. 
Keywords：Subarachnoid hemorrhage (SAH); Temporary occlusion; Animal 
model. 
Part 2 The relationship of changes of ET-1/CGRP and receptor and cerebral 
vasospasm after experimental subarachnoid hemorrhage 
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ET-1/CGRP and receptor and cerebral vasospasm after experimental subarachnoid 
hemorrhage was  investigated. Methods: Rats were randomly divided and SAH 
model was introduced, examination was performed after 12h,24h,48h,72h,5d and 7d. 
The expression of ET-1 and CGRP were detected by immunohistology; The 
expression of ETRA and CGRP receptor 1 were detected by Western Blot. The degree 
of cerebral vasospasm was examed and compare with ET-1/CGRP. Results: SAH 
model was successfully established. The expression of ET-1 was elevated after SAH 
immediately and reached the peak at 72h. The expression of CGRP elevated 
immediately after SAH but decreased quickly and stay a low level. The expression of 
ETRA and CGRP receptor 1 also rised after SAH. As a result, the degree of cerebral 
vasospasm reach its peak at 72h after SAH. Conclusion: The rise of ET-1 and 
decrease of CGRP aggravate cerebral vasospasm after SAH. 
Keyword: ET-1, CGRP, Cerebral vasospasm 
Part 3 The influence of temporary occlusion on cerebral vasospasm after 
experimental subarachnoid hemorrhage 
Objective: On the base of experiment one and two, the influence of temporary 
occlusion on cerebral vasospasm after experimental subarachnoid hemorrhage was 
investigated. Methods:Temporary middle cerebral artery occlusion was performed 
48h after SAH, and the animals were randomly divided according to different type of 
occlusion time. Neurological deficit score and the expression of ET-1 and CGRP were 
evaluated, the level of SOD and MDA were detected and the degree of cerebral 
vasospasm was measured.Results: Gradually prolonging the occlusion repeatly can 
reduce the level of oxidation-reduction reaction and improve the neurological deficit, 
meanwhile affect the expression of ET-1 and CGRP and reduce the degree of cerebral 
vasospasm. Conclusion: Gradually prolonging the occlusion repeatly can reduce the 
level of oxidation-reduction reaction and improve the neurological deficit, as a result, 
reduce the degree of cerebral vasospasm.The rise of ET-1 and decrease of CGRP 
aggravate cerebral vasospasm after SAH. 
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1928 年 Jefferson 首先报道了在颅内动脉瘤手术中选择性应用颅内动脉临













































脑血管痉挛(CVS)是 SAH 后最严重的并发症之一，是 SAH 患者病残率和病死
率居高不下的主要因素
[5]
。SAH 后发生的 CVS 引起的脑缺血可导致患者永久性功
能丧失，甚至死亡，是影响预后和生存质量的重要因素。脑血管痉挛的发生可能
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管作用依赖于内皮起源的一氧化氮，并与 cGMP 调节抑制和平滑肌细胞内 cAMP
聚积有关；⑤CGRP 产生的扩血管作用可被内皮损伤和干扰内皮起源舒张因子






或脑脊液中 CGRP 含量升高。随时间推移神经末梢中 CGRP 耗竭，血液中 CGRP
含量逐渐降低，其降低水平与脑血管痉挛发生发展相关。 
ET-1 是由 21 个氨基酸残基组成的多肽，自从 1988 年 Yanagisawa 等从培养
的猪内皮细胞上清液中分离出该物质后，ET 收缩血管的作用比血管紧张素 Ⅱ、
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10%水合氯醛                        厦门市第一医院药房提供 
PBS 缓冲液                          国药集团化学试剂有限公司 
多聚甲醛                           国药集团化学试剂有限公司 
TTC（2，3，5-三苯基氯化四氮唑）    Sigma 公司 
4%多聚甲醛的配制 
多聚甲醛          4 克 
0.1mol/L PBS      100ml 
加温至 60℃搅拌溶解，过滤后 4℃保存 
1.2 主要仪器 
尼龙栓线                          北京沙东生物技术有限公司 
手术显微镜                        YZ20P5 型，苏州 666 视光医疗仪
器公司 
显微手术器械 














- 15 - 
显微颅钻                          淮北正华生物仪器设备有限公司 
微量注射泵                        淮北正华生物仪器设备有限公司 
石腊切片机                        上海徕卡仪器有限公司 
光学显微镜                        Olympus，Japan 
2． 方法 
2.1 实验动物与分组 
32只 S-D雄性成年大鼠, 体重 250±10g(由上海史莱克试验动
物中心提供)。动物随机分为 4组，每组各 8只： 
①对照组：不行手术处理； 
②SAH 组：行前交叉池注血法制备 SAH 模型，48 小时后处死检测； 
③临时阻断组：行线栓法制备大脑中动脉阻断 120 分钟，恢复灌注
24 小时后处死检测； 
④SAH+临时阻断组：前交叉池注血法制备 SAH 模型，24 小时后线栓
法制备大脑中动脉阻断 120 分钟，恢复灌注 24 小时后处死检测。 
2.2 SAH 模型的制作 













缝合皮肤, 并维持俯卧位 30min（附图 1）。 
2.3 临时阻断模型 
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